
The effect of stress on the excretion of Salmonellae by pigs is examined
by means of an experiment. The implications of this experiment for
understanding the path of Salmonellae from domestic animals
to man is discussed.
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Introduction

AT the APHA Meeting of the Epidemi-Pkology and Occupational Health Sec-
tions in 1965. some of the problems and
questions relating to Salmonella excre-
tion in market swine were reviewed and
presented.' A number of workers over
a period of years observed that when
swine were examined on the farm, the
Salmonella infection rate, as measured
by rectal swabs, was low. However, if
swine were similarly examined in hold-
ing pens at the slaughterhouse, or by
cecal or rectal swabs taken after
slaughter, the observed infection rate
was often from 30 to 80 per cent.2-6

Proposed explanations of these find-
ings fall into two groups:

1. The excretion rate of Salmonella on
farms is low because the rates of infection are
low. Although salmonellae may be fouind in
the animals' feed, they are usually present in
small numbers which may be less than the
infecting dose. The feeding of various anti-
biotics in the feed may also influience the in-
fection rate.

Salmonellae are found in swvine in holding
pens and at slaughter because the animals
infect each other in the trucks and in the
holding pens. They have many opportunities
for contact with each other at these times, and
are also exposed to a Salmonella-contaminated
environment.

2. Infection of swvine with salmonellae occuirs
frequiently at the farm from feed and other
souirces. How7ever. infection cannot be assessed
by means of rectal swvabs becauise the num-
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bers of organisms are too small or they are
not present in the rectum.
When swvine are disturbed by transport,

overcrowding in holding pens, and by rough
handling before slaughter. cecal contents
r-each the r-ecttum and a hidden or masked
salmonellae infection becomes ascertainable.
Cross infections also occuir with greater fre-
qliency at these times. This increase cotuld
be considered to be a result of stress.

The evidenice for eitlher of these two
explanations is meager' and may be
difficult to obtain with studies of cross-
sectional design. We have shown that
many of the salmonellae found in the
holding pens and at slaughter were in
the feed, and that these frequently dif-
fered from those serotypes found in the
holding pen environment.7 However, the
interpretation of findings such as these
rested upon a stress hypothesis which
was unsubstantiated. This paper de-
scribes an experiment that may help to
clarify this issue. We have called it the
experiment of the joy-riding pigs be-
cause it is based upon a confidence trick
plaved upon a pig population.

Materials and Methods

The plan was to select a part of a
group of pigs approaching the age of
slaughter. Our knowledge of the Sal-
monella content of the ingredients of
the feed would lead us to consider that
these pigs were being fed salmonellae.
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Using rectal swabs, we would examine
this group of pigs on the farm and find
their salmonellae excretion rate by this
method. We would then take a truck
that had been cleaned and made free
from salmonellae, and load these pigs
upon it as if they were going to be
slaughtered. However, rather than tak-
ing them to slaughter. we would give
them a joy ride through the countryside
and end the trip, not at the slaughter-
hlouse but back at their home farm. We
would examine them again at this time
because, if the experiment had been suc-
cessful, the pigs would have had a simi-
lar stress situation to pigs bound for
slaughter. We then intended to repeat
this experiment on the same pigs at a
later date, but this time deliver them to
slaughter.

For this experiment sterile, cotton
swvabs were used to collect rectal, truck.
and cecal swabs. When the cecum was
examined it was incised with a sterile
kniife and the swab was introduced
vithout touching the edge of the in-
cision. Swabs were placed immediately
in tetrathionate for transport and incu-
bation and the cultural methods used
were those of Galton (1961) .8

The Louisiana farm selected housed
about 300 pigs. The concrete-floored
pens held from 15 to 30 pigs per pen
lot. The pens were covered and were
washed each morning. insuring good
sanitation. The pigs were fed stale
bread, rolls, cakes, and other bakery
items (including their wrappers) which
had been run through a hammermill.
Each pig received one-half pound of
wheat bran per day and a 35 per cent
protein-pelleted commercial supplement.
This supplement contained soybean
meal. cottonseed meal, digester tankage.
wheat middlings, vitamins, trace min-
erals. and salt. It was medicated with
67.5 grams of streptomycin and 13.5
grams of pencillin per ton.

Six samples of each of the following
ingredients of feed from the manufac-

turer showed no salmonellae: cottonseed
meal, soybean meal, and the premix.
Six of seven samples of the tankage (350
pounds per ton of supplement) showed
salmonellae of the following serotypes:
S. oranienburg, lexington. anatum,
derby. eimsbuettel. infantis, and st.
paul. Four samples of the complete sup-
plement were negative for salmonellae.
The 20 pigs selected for this study

had been purchased as feeders. After
four months of feeding, each weighed
approximately 190 pounds. The day of
the experiment was a pleasant, clear one
with a temperature of 70-780 F. The
truck was a stake-bed, single-axle farm
truck with solid sides and a slat tailgate.
The truck was cleaned with live steam,
allowed to dry, and sprayed with Wes-
codyne (West Chemicals, New York) at
a strength of two ounces to two gal-
lons of water (125 ppm). Ten swabs
were taken from the truck, following a
15-minute contact time, and all were
negative for salmonellae.
The pigs were first rectal-swabbed in

their pens. None of these swabs showed
any salmonellae. The pigs were then
loaded oII the truck and were given a
60-mile joy ride. The truck was then
parked in the shade for half an hour,
and later was taken for another 90 miles
before the pigs were returned to the
farm. The total joy ride lasted for three
and three-quarter hours. On their re-
turn the pigs were once again rectal-
swabbed, and six pigs (30%) were
shown to be excreting salmonellae (all
S. anatum). Ten swabs of the truck
all contained S. anatum.

Fourteen days later the same pigs.
truck, and methods were used again.
The day was cooler with a temperature
of 39-500 F. On this occasion ten pre-
paratory swabs of the truck were all
negative for salmonellae. One rectal
swab from one of the same study pigs
at the farm (5% ) was found positive
for S. anatum. The pigs were taken to
the slaughterhouse by truck a four- to
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five-mile ride of 20 minutes' duration.
Rectal swabs of the pigs on the truck,
parked at the slaughterhouse, yielded
four Salmonella positives (25%), all S.
anatum. Six of the ten truck swabs
taken after the ride contained sal-
monellae which were S. newington, S.
derby, or S. anatum.
The pigs were put on the scale,

weighed, and then placed in the crowd-
ing runway prior to slaughter. It was
clean and dry except for two small wet
spots. Pigs were held in the runway for
half an hour. The runway was sampled
while the pigs were in it and three of
four swabs (75%) were positive for
salmonellae; these included the sero-
types S. bredeney, typhimurium, new-
ington, and derby.

Cecal swabs taken after slaughter in-
dicated that six of 20 pigs (30%) were
infected with one or more of four Sal-
monella serotypes, including S. norwich,
derby, anatum, and newington.

Discussion

The findings in this experiment
showed that pigs do differ in their rectal
salmonellae excretion patterns, preced-
ing and following the stress and dis-
turbance of transport. It is clear from
other experiments that transport dis-
turbs animals.9-12 Weight, pituitary,
and adrenal changes have been de-
scribed in disturbed pigs and rats. That
these abuses also can result in changes
in Salmonella excretion has not been
previously shown in a longitudinal
study.

If these changes occur generally and
if this experiment is valid, there appear
to be two main implications. The first
specifically relates to pigs and to the
evidence upon which many Salmonella
investigators base their zoonotic cycle.
The measurement of salmonellae infec-
tion in an undistributed animal by rec-
tal swabs is inefficient and does not in-
dicate Salmonella infection in a mean-
ingful way. Hypotheses built upon this

evidence must be open to question. This
experiment supports the explanation in
Group 2-that feed source infection oc-
curs on the farm, but is not measurable
in the undisturbed animal.

However, it is not reasonable to state
that, because of this, all pigs are in-
fected on farms and that the control of
Salmonella infections in pigs is neces-
sarily restricted to feed control. In a
second similar experiment on the same
farm, similar methods were used but
the pigs (because of chronic respiratory
troubles in the herd) in addition had
been fed large doses of sulfathiozole,
arsanilic acid, streptomycin, and peni-
cillin for two months. No salmonellae
could be found by rectal swabs on the
farm, rectal swabs during and after the
joy ride, on the farm prior to slaughter,
after arrival at the abattoir, or by cecal
swabs after slaughter.
The second implication is a wider

one. If other animals and man behave
in a similar way to these pigs under
study, then the evidence we use to
judge the pathogenicity of enterobac-
teriaceae and the relationship of enteric
infection to gastrointestinal illness may
also be invalid. The greater frequency
of isolation of an agent from a group of
persons with diarrheal disease (as meas-
ured by fecal examination or rectal
swabs), when compared with the isola-
tion of the same agent in a nondiarrheal
control group, has in the past been used
to describe the pathogenicity of an
agent. This may be an invalid method
of judgment. A change in bowel action
as a result of internal or external stress,
a change in diet, or nonspecific causes,
may result in detectable excretion of an
agent in an infected individual whose
infection was unascertainable by the
usual methods prior to this change.
The hypothesis that man and the

agents of man may behave in this way
is supported by the work of Gangarosa
and his co-workers (1966).13 These
authors showed that the judgment of
human excretion of Vibrio cholerae,
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biotype El Tor. could be altered by a
preparatory purge.
The excretion patterns of joy-riding

pigs may therefore be important. Pos-
sibly, it should result in a re-examina-
tion of our concepts of enteric agents
and their relationship to disease, as well
as to our understanding of the path of
salmonellae from domestic animals to
man.
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